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WIRELESSLY RECEIVING SURGICAL INSTRUMENT DATA THAT IS TRANSMITTED FROM A PLURALITY
OF SURGICAL INSTRUMENTS

............................................................................................. 304

STORING THE SURGICAL INSTRUMENT DATA, SURGEON DATA ASSOCIATED WITH AT LEAST ONE

SURGEON PERFORMING THE SURGICAL PROCEDURE, PATIENT DATA ASSOCIATED WITH THE
PATIENT, AND ENVIRONMENT DATA ASSOCIATED WITH THE SURGICAL ENVIRONMENT IN WHICH

THE SURGICAL PROCEDURE IS PERFORMED IN A MEMORY SYSTEM

GRAPRICALLY PROVIDING REAL-TIME SURGICAL FEEDBACK TO THE AT LEAST ONE SURGEON
DURING THE SURGICAL PROCEDURE BASED ON THE SURGICAL INSTRUMENT DATA ASSOCIATED
WiTH EACH OF THE PLURALITY OF SURGICAL INSTRUMENTS

PROVIDING AN INDICATOR ALARM TO THE AT LEAST ONE SURGEON DURING THE SURGICAL
PROCEDURE IN RESPONSE TO THE SURGICAL INSTRUMENT DATA HAVING A RESPECTIVE VALUE
OQUTSIDE OF AN ACCEPTABLE THRESHOLD RANGE

310
GENERATING AN AGGREGATED SURGICAL DATA SET CHARACTERIZING A RELATIONSHIP BETWEEN

THE SURGICAL INSTRUMENT DATA, THE SURGEON DATA, THE PATIENT DATA, AND THE
ENVIRONMENT DATA

GENERATING A SURGICAL DASHBOARD REPORT COMPRISING THE AGGREGATED SURGICAL DATA
SET IN A PREDETERMINED DATA FORMAT

TRANSMITTING THE SURGICAL DASHBOARD REPORT TO AT LEAST ONE REMOTE DEVICE VIA A
NETWORK UPON CONCLUSION OF THE SURGICAL PROCEDURE

FIG. 6
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SURGICAL DATA CONTROL SYSTEM

RELATED APPLICATIONS

This application claims priority from U.S. Provisional
Patent Application Ser. No. 62/126,059, filed 27 Feb. 2015,
which 1s incorporated herein in 1ts entirety.

TECHNICAL FIELD

The present disclosure relates generally to surgical pro-
cedures, and specifically to a surgical data control system.

BACKGROUND

The healthcare industry 1s becoming increasingly more
competitive, and has been the subject of increases 1n a wide
variety ol mnovations. In particular, 1n a surgical environ-
ment, 1t 1s highly necessary to manage a large number of
different factors that provide both life-sustaining capabilities
for a patient, particularly when induced to an unconscious
state, while still performing complex and precise surgical
procedures. In the United States alone, over one hundred
million surgeries are performed each vear. In a large number
of those surgeries (e.g., approximately 6%), complications
resulting from the surgery can occur. Complications result-
ing from surgery can cause great difliculties for patients,
such as loss of quality of life or even life 1itself. Such
complications can also result 1n large financial expense, such
as based on legal costs incurred by healthcare providers, and
in turn, increased healthcare costs. As a result, avoiding
complications that result from surgery is of great concern to
healthcare providers.

SUMMARY

One example includes a surgical data control system. The
system 1ncludes a wireless data receiver configured to
receive surgical device data. The surgical device data
includes surgical instrument data transmitted from a plural-
ity of surgical instruments. The surgical instrument data
from each of the plurality of surgical instruments character-
1zes at least one metric associated with performance and
function of a respective one of the plurality of surgical
istruments during a surgical procedure on a patient. The
surgical device data also includes medicine administration
data transmitted from medicine administering equipment.
The medicine administration data characterizes at least one
of dosage and time of medicine administered to the patient
via the medicine administering equipment during the surgi-
cal procedure. The surgical device data further includes
energy data transmitted from at least one energy providing
device. The energy data characterizes operation of the at
least one energy providing device during the surgical pro-
cedure. The system also includes a memory system config-
ured to store the surgical device data, surgeon data associ-
ated with at least one surgeon performing the surgical
procedure, patient data associated with the patient, and
environment data associated with the surgical environment
in which the surgical procedure 1s performed. The system
turther includes a report generator configured to generate an
agoregated surgical data set characterizing a relationship
between the surgical device data, the surgeon data, the
patient data, and the environment data. The report generator
1s also configured to generate a surgical dashboard report
comprising the aggregated surgical data set 1n a predeter-
mined data format. The surgical data control system can be
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configured to transmit the surgical dashboard report to at
least one remote device via a network upon conclusion of the
surgical procedure.

Another example includes a surgical system comprising a
plurality of surgical mstruments. Each of the plurality of
surgical instruments includes a surgical instrument data
controller. The surgical instrument controller includes a
registration component configured to register a given sur-
geon or stall to the respective one of the plurality of surgical
instruments during use of the respective one of the plurality
of surgical instruments by the given surgeon in a surgical
procedure. The surgical mstrument controller also mcludes
a data collection sensor configured to measure surgical
instrument data comprising at least one of pressure, tension,
and torque associated with use of the respective one of the
plurality of surgical instruments by the given surgeon during
the surgical procedure. The surgical mnstrument controller
also includes a real-time clock configured to provide time-
stamp data associated with at least one of the registration of
the given surgeon to the respective one of the plurality of
surgical instruments and the surgical instrument data asso-
ciated with the respective one of the plurality of surgical
instruments. The surgical instrument controller further
includes a transceiver configured to transmit the surgical
istrument data associated with the respective one of the
plurality of surgical mnstruments to a surgical data control
system, the surgical data control system being configured to
store the surgical instrument data for reporting and feedback
associated with the surgical procedure.

Another example includes a method for providing feed-
back for a surgical procedure performed by at least one
surgeon. The method includes wirelessly receiving surgical
instrument data that 1s transmitted from a plurality of
surgical instruments. The surgical instrument data from each
of the plurality of surgical instruments can characterize at
least one of pressure, tension, and torque associated with use
ol the respective one of the plurality of surgical instruments
by a given surgeon of the at least one surgeon during the
surgical procedure. The method also includes storing the
surgical mnstrument data, surgeon data associated with at
least one surgeon performing the surgical procedure, patient
data associated with the patient, and environment data
associated with the surgical environment in which the sur-
gical procedure i1s performed in a memory system. The
method also includes graphically providing real-time surgi-
cal feedback to the at least one surgeon during the surgical
procedure based on the surgical instrument data associated
with each of the plurality of surgical istruments. The
method also 1includes providing an indicator alarm to the at
least one surgeon during the surgical procedure in response
to the surgical instrument data having a respective value
outside of an acceptable threshold range. The method also
includes generating an aggregated surgical data set charac-
terizing a relationship between the surgical instrument data,
the surgeon data, the patient data, and the environment data.
The method turther includes generating a surgical dashboard
report comprising the aggregated surgical data set in a
predetermined data format, and transmitting the surgical

dashboard report to at least one remote device via a network
upon conclusion of the surgical procedure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an example of a surgical system.
FIG. 2 1illustrates an example diagram of surgical instru-
ments.
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FIG. 3 illustrates an example of a surgical instrument data
controller.

FI1G. 4 illustrates an example diagram of dissemination of
a surgical dashboard report.

FIG. § illustrates an example diagram of a surgical
dashboard report.

FIG. 6 illustrates an example of a method for providing
teedback for a surgical procedure performed by at least one
SUrgeon.

DETAILED DESCRIPTION

The present disclosure relates generally to surgical pro-
cedures, and specifically to a surgical data control system.
The surgical data control system can be implemented 1n a
variety ol surgical environments, including inpatient sur-
gery, outpatient surgery, laparoscopic surgery, open surger-
1ies, or any other of a variety of medical procedures. The
surgical data control system can 1nclude a data receiver that
1s configured to wirelessly receive surgical device data that
1s transmitted from a variety ol surgical devices that are
implemented in the surgical procedure on a patient. The
surgical device data can include surgical instrument data that
1s associated with at least one metric associated with func-
tion and performance of the respective surgical mstrument,
such as at least one of torque, tension, and pressure. The
surgical instruments can be any of a variety of standard
surgical instruments, and can be adapted to receive a surgical
instrument data controller that can, among other functions,
collect the at least one metric and wirelessly transmait the at
least one metric to the surgical data control system. The
surgical device data can also include medicine administra-
tion data associated with medicine that 1s administered to the
patient, and energy data associated with energy providing
devices (e.g., cautery devices).

The surgical data control system also includes a memory
system configured to store the surgical device data, as well
as surgeon data associated with one or more surgeons that
are performing the surgical procedure, patient data (e.g.,
metrics and medical history associated with the patient), and
environment data associated with the environment of the
surgical procedure (e.g., the operating room, such as includ-
ing temperature, lighting, and humidity). As an example, the
data stored in the memory system, such as the surgical
device data, can be monitored 1n real-time by the surgical
data control system. For example, the surgical data control
system can provide the surgical device data 1n a graphical
teedback manner 1n real-time to the surgeon(s). Therefore, a
graphical feedback system can provide an alarm in response
to a respective one of the parameters associated with the
surgical device data having a value that 1s outside of a
predetermined threshold range of values.

The surgical data control system further includes a report
generator that 1s configured to aggregate the data stored 1n
the memory system to provide a relationship between the
surgical device data, the surgeon data, the patient data, and
the environment data, such as to provide usage, timing, and
association between the surgeon(s) and the surgical devices.
The report generator can thus generate a surgical dashboard
report from the aggregated data set that includes the rela-
tionship between the surgical device data, the surgeon data,
the patient data, and the environment data, such as to provide
usage, timing, and association between the surgeon(s) and
the surgical devices. As an example, the surgical dashboard
report can be converted to a predetermined data format (e.g.,
portable document format (PDF)) and can be wirelessly
transmitted to one or more devices via a network, such as to
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the healthcare facility, insurance company facility, and/or to
computer devices associated with the patient or other autho-
rized people.

FIG. 1 illustrates an example of a surgical system 10. The
surgical system 10 demonstrates a patient 12 undergoing a
surgical procedure that 1s performed by one or more sur-
geons, such as 1 an operating room of a healthcare facility.
As an example, the surgical procedure can be any of a
variety of surgical or medical procedures, such as an inpa-
tient surgery, an outpatient surgery, a laparoscopic surgery,
open surgeries, or any other of a variety of medical proce-
dures.

In the example of FIG. 1, the surgical system 10 demon-
strates a surgical data control system 14. As an example, the
surgical data control system 14 can be configured as or as
part of a central computer system that 1s located in the
operating room or 1s accessible from the operating room,
such as via anetwork (e.g., a local area network (LAN)). The
surgical data control system 14 includes a data input system
16 that can be arranged as any of a variety of input devices
to receive surgeon data and patient data. The surgeon data
can include data regarding one or more surgeons that are
performing the surgical procedure, such as identification
data, experience, contact information, or any other informa-
tion associated with the surgeon(s). The patient data can
include a variety of information about the patient 12, such as
biographical data (e.g., metrics that include age, height,
weight, mass-body index (BMI), insurance information,
family contacts, etc.), medical history data (e.g., prior pro-
cedures, past and current medication, family history, etc.),
and/or known allergies. The data mput system 16 can also
include data associated with surgical stafl (e.g., nurses,
assistants, operating room maintenance, etc.). For example,
the surgeon(s) and/or stafl can enter the respective surgeon
data, patient data, and/or stail data into the data input system
16 through a keyboard, voice recognition interface, or a
variety of other input means.

The surgical data control system 14 also includes a
receiver 18. The receiver 18 can be configured as a wireless
receiver (e.g., operating on Bluetooth, Wi-Fi, or any of a
variety ol other wireless protocols) that 1s configured to
receive surgical device data from a variety of surgical
devices, mstruments, and components that are utilized dur-
ing the surgical procedure. In the example of FIG. 1, the
surgical system 10 demonstrates video monitoring equip-
ment 20, medicine administering equipment 22, robotic
equipment 24, anesthesia equipment 26, surgical instru-
ments 28, operation environment equipment 30, and energy
providing devices 32 that are all 1n wireless communicative
contact with the receiver 18 via an antenna 34. While the
surgical system 10 1in the example of FIG. 1 demonstrates all
of these components as part of the surgical procedure, it 1s
to be understood that the surgical procedure 1s not limited to
including all of the surgical components demonstrated in the
surgical system 10. Additionally, one or more components
that are implemented i1n the surgical procedure can be
included as part of more than one of the separate surgical
components demonstrated 1n the surgical system 10. Fur-
thermore, the surgical components demonstrated in the
surgical system 10 are not all limited to providing data via
a wireless connection, but could instead provide data via a
wired connection to the surgical data control system 14, or
can be provided as static values to the surgical data control
system 14 (e.g., via the data input system 16). Therefore, the
surgical system 10 demonstrates the video momnitoring
equipment 20, the medicine administering equipment 22, the
robotic equipment 24, the anesthesia equipment 26, the
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surgical instruments 28, the operation environment equip-
ment 30, and the energy providing devices 32 by example
only.

The video monitoring equipment 20 can be configured as
one or more recording devices that can monitor the surgical
procedure in real-time. As an example, the video monitoring
equipment 20 can be configured as one or more video
cameras that can record a real-time video feed of at least a
portion of the surgical procedure, such as from diflerent
angle perspectives. As another example, the video monitor-
ing equipment 20 can include cameras that are attached to
the distal end of one or more probes (e.g., catheters or
scopes) to capture a video feed of internal portions of the
anatomy of the patient 12. As another example, the video
monitoring equipment 20 can include cameras that are
configured to capture static, still photographs of the surgical
procedure, such as to capture closer details of the surgical
procedure than can be permitted by certain video recording
devices. As yet another example, the video monitoring
equipment 20 can also include audio, such as a real-time
audio recording of the surgical procedure, dictated notes
provided by the surgeon(s) or the stafl, or of the patient 12
(e.g., vocal feedback of the patient 12, patient vitals (e.g.,
heartbeat or respiration), etc.). Thus, the video monitoring,
equipment 20 can collectively and continuously transmuit
audio/video data wirelessly to the surgical data control
system 14 during the surgical procedure.

The medicine administering equipment 22 can be config-
ured to administer medication to the patient 12. For
example, the medicine administering equipment 22 can
include intravenous (IV) medication administering equip-
ment that can be configured to track a volume of liquid that
1s administered to the patient 12. As another example, the
medicine administering equipment 22 can include gas medi-
cation or oxygen-providing equipment that can be config-
ured to track a volume of gas or oxygen that 1s administered
to the patient 12. The medicine administering equipment 22
can thus be configured to track an amount of medication that
1s administered to the patient 12 during the surgical proce-
dure, and can wirelessly transmit the amount and type of
medication as medicine administration data to the surgical
data control system 14 in real-time during the surgical
procedure.

The robotic equipment 24 can correspond to one or more
clectro-mechanical devices or components that are config-
ured to assist the surgeon(s) during the surgical procedure.
As an example, the robotic equipment 24 can be configured
to provide pressure or apply torque to hold open a wound or
incision, to move large medical equipment throughout the
surgical environment, to adjust positioning of the patient, or
any of a variety of other functions that require mechanical
motion or stability. The robotic equipment 24 can thus be
configured to wirelessly transmit robot input data to the
surgical data control system 14, such as including pressure,
torque, position, maintenance scheduling, or any other data
that 1s pertinent to the operation of the robotic equipment 24
during the surgical procedure in real-time, or that 1s pertinent
to the maintenance of the robotic equipment 24.

The anesthesia equipment 26 can be configured to admin-
ister anesthetic to the patient 12 to numb at least a portion
of the anatomy of the patient 12 or to induce a sleeping state
of the patient 12. For example, the anesthesia equipment 26
can include IV medication administering equipment that can
be configured to track a volume of anesthetic that 1s admin-
istered to the patient 12. Additionally, the anesthesia equip-
ment 26 can be configured to monitor vital signs of the
patient 12, such as heart rate, respiration, blood-pressure, or
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any of a variety of other vital information with respect to the
patient. Therefore, the anesthesia equipment 26 can be
configured to wirelessly transmit anesthesia data to the
surgical data control system 14 during the surgical procedure
in real-time.

The surgical mstruments 28 can be configured as any of
a variety ol hand-held and other surgical instruments that are
implemented or manipulated by the surgeon(s) or stail
during the surgical procedure. Fach of the surgical instru-
ments 28 can be configured to measure surgical instrument
data corresponding to at least one metric associated with
performance and function of the respective surgical instru-
ment. As an example, the surgical instrument data can
include at least one of pressure, torque, or tension associated
with the manipulation of the respective surgical instrument
on the patient 12. As another example, one or more of the
surgical mstruments 28 can be configured to detect a tissue
type (e.g., bone, muscle, skin, fat, etc.) of the patient 12
during use, such that the tissue type can correspond to the at
least one metric. As yet another example, one or more of the
surgical mstruments 28 can be configured to detect position
of the surgical instrument 28 in three-dimensional space or
relative to a reference position, or can be configured to
detect motion (e.g., hand tremors), such that the position or
motion can correspond to the at least one metric.

Each of the surgical mstruments 28, for example, can be
adapted to include a surgical instrument data controller, as
described in greater detail herein, that 1s configured to
collect the respective surgical mnstrument data and to wire-
lessly transmit the surgical instrument data to the surgical
data control system 14. As one example, the surgical instru-
ments 28 can be manufactured or otherwise fabricated to
include the surgical instrument data controller. As another
example, the surgical instrument data controller can corre-
spond to a separate component that includes sensing means
for measuring the surgical instrument data and a transceiver
for receiving data and for transmitting the surgical 1nstru-
ment data. As described in greater detail herein, the surgical
instrument data can correlate use of the respective surgical
istrument, as well as the at least one metric associated with
the performance and function of the respective surgical
instrument during the surgical procedure, with a specific
time and 1dentity of the surgeon or stail member that used
the respective surgical mstrument. Accordingly, each of the
surgical mstruments 28 can transmit the surgical instrument
data to the surgical data control system 14 to provide a large
amount and variety of data associated with the use of the
surgical instruments 28 during the surgical procedure.

The operation environment equipment 30 can correspond
to the equipment associated with maintaining or providing
the surgical environment. As an example, the operation
environment equipment 30 can provide an environment that
1s suitable and safe for the performance of the surgical
procedure. As an example, the surgical environment can
correspond to an operating room. Therefore, the operation
environment equipment 30 can include lights, a thermostat,
a humadifier, an air filter, fans, or any of a variety of other
equipment. Thus, the operation environment equipment 30
can also include a variety of equipment that can measure the
environment conditions of the operating room, such as an
amount of illumination, temperature, humidity, air purity, or
other environmental factors. The operation environment
equipment 30 can thus be adapted to provide (e.g., wire-
lessly) the measured environment conditions to the surgical
data control system 14 1in real-time during the surgical
procedure.
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The energy providing devices 32 can correspond to
devices that provide power to implement a function during
the surgical procedure. For example, the energy providing
devices 32 can correspond to cautery devices that are
implemented to cauterize a wound after completion of an
internal portion of the surgical procedure. As another
example, the energy providing devices 32 can correspond to
radiology equipment that provides imaging of the patient 12
during the surgical procedure. Therefore, the energy provid-
ing devices 32 can wirelessly transmit energy data associ-
ated with use of the energy providing devices 32 (e.g., power
consumption, intensity, etc.) to the surgical data control
system 14 1n real-time during the surgical procedure.

The previous descriptions of the video monitoring equip-
ment 20, the medicine administering equipment 22, the
robotic equipment 24, the anesthesia equipment 26, the
surgical 1struments 28, the operation environment equip-
ment 30, and the energy providing devices 32 are by
example, and are not intended to be limited to the sub-
classifications described herein. As an example, some sur-
gical devices can be suitably classified 1n more than one of
the categories described previously regarding the wvideo
monitoring equipment 20, the medicine administering
equipment 22, the robotic equipment 24, the anesthesia
equipment 26, the surgical instruments 28, the operation
environment equipment 30, and the energy providing
devices 32. As another example, other surgical devices that
have not been described 1n one of the categories can likewise
be configured to transmit operational data to the surgical
data control system 14. Therefore, the example of the
surgical devices that can transmit, wirelessly or otherwise, 1s
not intended to be limited to as described herein.

The surgical data control system 14 also includes a
memory system 36 that 1s configured to store and maintain
the surgical device data that 1s transmitted by the video
monitoring equipment 20, the medicine administering
equipment 22, the robotic equipment 24, the anesthesia
equipment 26, the surgical instruments 28, the operation
environment equipment 30, and the energy providing
devices 32. The memory system 36 can also store the data
that 1s mput via the data input system 16, such as including
the patient data, the surgeon data, and the stafl data. The
memory system 36 can be accessed by a real-time data
monitor 38 to provide real-time monitoring of the data
stored 1n the memory system 16 (e.g., the surgical device
data), such as to provide surgical feedback.

In the example of FIG. 1, the surgical system 10 demon-
strates a surgical feedback system 40. The surgical feedback
system 40 can be configured, for example, as one or more
video monitors to provide graphical feedback of the surgical
procedure, such as based on the monitoring of the surgical
device data via the real-time data monitor 38. As an
example, the real-time data monitor 38 can transmit (e.g.,
wirelessly) the surgical device data to the surgical feedback
system 40, such that the surgical feedback system 40 can
display the surgical device data to the surgeon(s) and/or stail
during the surgical procedure. As an example, the memory
system 36 can be provided with a set of predetermined
threshold data that defines a predetermined threshold range
of operation of the surgical device data, such as associated
with one or more of the video monitoring equipment 20, the
medicine administering equipment 22, the robotic equip-
ment 24, the anesthesia equipment 26, the surgical instru-
ments 28, the operation environment equipment 30, and the
energy providing devices 32. For example, the predeter-
mined threshold data can be provided to the surgical data
control system 14 via the data input system 16 or via a
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network prior to the beginning of the surgical procedure, or
can be provided during the surgical procedure.

Therefore, the real-time data monitor 38 can be config-
ured to continuously monitor the surgical device data rela-
tive to the predetermined threshold data in real-time during
the surgical procedure. In response to one or more of the
values of the surgical device data exceeding (above or
below) the predetermined threshold range of operation, the
real-time data monitor 38 can provide an indication to the
surgical feedback system 40 of an aberration or breach 1n the
value(s) of the surgical device data relative to the predeter-
mined threshold data. In response, the surgical feedback
system 40 can provide a graphical and/or audial indication
to the surgeon(s) and/or the stafl via one or more alarms 42
to provide notice of the aberration or breach 1n the value(s)
of the surgical device data relative to the predetermined
threshold data. Accordingly, the surgeon(s) and/or the stail
can provide corrective measures 1n a rapid reactive manner
based on the real-time monitoring of the surgical device data
via the real-time data monitor 38 and the surgical feedback
system 40.

In addition, the surgical data control system 14 includes a
report generator 44. The report generator 44 1s configured to
access the data stored 1in the memory system 36, such as
immediately upon conclusion of the surgical procedure to
agoregate the set of data stored in the memory system 36.
The aggregation of the set of data stored in the memory
system 36 can provide a relationship between substantially
all aspects of the surgical procedure, with respect to the
patient data, the surgeon data, the stafl data, and all of the
surgical device data. For example, the aggregation per-
formed by the report generator 44 can associate temporal
data and unique 1dentifiers associated with the video moni-
toring equipment 20, the medicine administering equipment
22, the robotic equipment 24, the anesthesia equipment 26,
the surgical instruments 28, the operation environment
equipment 30, and the energy providing devices 32 to the
surgeon(s) and/or stail and to the patient to provide inter-
relationships therein.

Upon aggregating the data stored in the memory system
36, the report generator 44 can generate a surgical dashboard
report 46 of the surgical procedure. The surgical dashboard
report 46 can provide the aggregated data set 1n a single data
source, such as a uniform resource locator (URL) or 1n a data
file. As an example, the data file associated with the surgical
dashboard report 46 can be generated in a predetermined
data format, such as portable data format (PDF) that is
widely accessible via substantially any computer system.
For example, the PDF document corresponding to the sur-
gical dashboard report 46 that 1s generated by the report
generator 44 can include hyperlinks to provide access to
additional mformation and/or video data (e.g., the video
stream(s) provided via the video monitoring equipment 20)
ol one or more aspects of the surgical procedure.

Thus, the surgical data control system 14 can be config-
ured to transmit (e.g., via a network) the surgical dashboard
report 46 to one or more devices to facilitate viewing by
interested parties. For example, the surgical data control
system 14 can transmit the surgical dashboard report 46 to
one or more enterprise servers associated with the healthcare
tacility, to one or more enterprise servers associated with an
insurance company associated with the patient 12, and/or to
one or more computer devices (e.g., personal computer,
laptop computer, tablet computer, smart-phone, etc.) to the
patient 12 and/or to one or more patient-authorized other
people (e.g., via email or as downloadable via a network
location). Accordingly, the surgical dashboard report 46 that
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provides a complete report of the relationship between
substantially all aspects of the surgical procedure, with
respect to the patient data, the surgeon data, the stafl data,
and all of the surgical device data, can be generated and
transmitted to all necessary parties substantially 1mmedi-
ately (e.g., within one or a few seconds) after conclusion of
the surgical procedure.

As an example, the surgical dashboard report 46 can
provide a comprehensive description of the surgical proce-
dure to the patient and to the family of the patient to provide
a greater understanding of the aspects of the surgical pro-
cedure. As another example, the surgical dashboard report
46 can be utilized by administration of the healthcare facility
to provide accountability of all aspects of the surgical
procedure with respect to the surgeon(s) and/or the stafl. As
another example, surgical dashboard report 46 can be imple-
mented by insurance companies to make decisions as to
billing practices and/or coverage with respect to the patient
12 and/or future patients. As yet another example, the
surgical dashboard report 46 can be utilized by the health-
care facility for research and/or as a teaching tool for
surgeons and/or stail, or to optimize performance of future
surgical procedures. Accordingly, the surgical system 10 and
the surgical dashboard report 46 can provide a number of
important purposes for providing healthcare and substan-
tially minimizing complications that may arise from per-
forming a given surgical procedure.

As described previously, the surgical instruments 28 can
be configured as any of a variety of hand-held and other
surgical instruments that are implemented or manipulated by
the surgeon(s) or stall during the surgical procedure. FIG. 2
illustrates an example diagram 50 of surgical instruments.
The surgical instruments depicted in the diagram 50 are
demonstrated by example, such that the diagram 50 1s not
intended to be an exhaustive collection of surgical instru-
ments.

The diagram 50 includes a set of scalpel devices 52 that
are demonstrated 1n the example of FIG. 2 as a set of scalpels
54 and scalpel holders 56 configured to hold the respective
scalpels 54 1n place to facilitate use of the scalpels 54 via the
scalpel holders 56. As an example, each of the scalpel
holders 56 can be adapted to include a surgical instrument
data controller. As an example, the scalpel holders 56 can be
tabricated to include a surgical instrument data controller
integral with the design. As another example, the scalpel
holders 56 or the scalpels 54 themselves can be configured
to attach to a surgical istrument data controller that 1s
arranged as a separate unit, such as having been designed
and dimensioned to attach to the respective one of the
scalpel 54 or scalpel holder 56. Therelfore, the scalpels 54
and/or the scalpel holders 56 can measure at least one metric
(e.g., torque, pressure, and/or tension) associated with use of
the scalpel 54. The scalpels 34 and scalpel holders 56 are
demonstrated merely by example, such that other designs of
scalpels 54 and scalpel holders 56 can be implemented 1n the
surgical system 10, as described herein.

The diagram 50 also includes a set of clamps 58 that can
be implemented for a variety of surgical reasons. The clamps
58 are demonstrated as hand-held at 60, 1n an open state at
62, and 1n a closed state at 64. As an example, the clamps 58
can be switched between the open state 62 and the closed
state 64 based on a sliding element 66 that can provide a
closing force on the clamps 58. As an example, the clamps
58 can be fabricated to include a surgical instrument data
controller integral with the design (e.g., associated with the
sliding element 66), or can be configured to attach to a
surgical istrument data controller that 1s arranged as a
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separate unit, such as having been designed and dimen-
sioned to attach to the respective clamps 58. Therefore, the
clamps 58 can measure at least one metric (e.g., torque,
pressure, and/or tension) associated with use of the clamps
58. The clamps 58 are demonstrated merely by example,
such that other designs of clamps 58 can be implemented 1n
the surgical system 10, as described herein.

The diagram 50 also includes a retractor 68, demonstrated
as hand-held, that can be implemented for a variety of
surgical reasons. As an example, the retractor 68 can be
tabricated to include a surgical instrument data controller
integral with the design, or can be configured to attach to a
surgical instrument data controller that 1s arranged as a
separate unit, such as having been designed and dimen-
sioned to attach to the respective retractor 68. Therefore, the
retractor 68 can measure at least one metric (e.g., torque,
pressure, and/or tension) associated with use of the retractor
68. The retractor 68 1s demonstrated merely by example,
such that other designs of retractors 68 can be implemented
in the surgical system 10, as described herein.

The diagram 50 also includes a set of scissors 70 that can
be 1mplemented for a variety of surgical reasons. The
scissors 70 are demonstrated as including a first type with a
spring-chamber at 72, and a second type with a spring-steel
clement at 74. As an example, the scissors 70. As an
example, the scissors 70 can be fabricated to include a
surgical instrument data controller integral with the design
(e.g., associated with the respective spring types), or can be
configured to attach to a surgical instrument data controller
that 1s arranged as a separate unit, such as having been
designed and dimensioned to attach to the respective scis-
sors 70. Therefore, the scissors 70 can measure at least one
metric (e.g., torque, pressure, and/or tension) associated
with use of the scissors 70. The scissors 70 are demonstrated
merely by example, such that other designs of scissors 70
can be implemented in the surgical system 10, as described
herein.

The diagram 50 also includes a needle-holder 76, dem-
onstrated as holding a curved needle 78, that can be 1mple-
mented for a stitching wounds or incisions. As an example,
the needle-holder 76 can be fabricated to include a surgical
instrument data controller integral with the design, or can be
configured to attach to a surgical instrument data controller
that 1s arranged as a separate unit, such as having been
designed and dimensioned to attach to the respective needle-
holder 76. Theretore, the needle-holder 76 can measure at
least one metric (e.g., torque, pressure, and/or tension)
associated with use of the needle-holder 76. The needle-
holder 76 1s demonstrated merely by example, such that
other designs of needle-holder 76 can be implemented 1n the
surgical system 10, as described herein.

FIG. 3 illustrates an example of a surgical instrument data
controller 100. The surgical instrument data controller 100
can correspond to a surgical instrument data controller that
can be manufactured integrally with respect to any of the
surgical instruments 28 (e.g., any of the surgical instruments
in the diagram 50 of the example of FIG. 2). Therelore,
reference 1s to be made to the example of FIGS. 1 and 2 1n
the following description of the example of FIG. 3. While
the discussion herein describes use of the surgical instru-
ment data controller 100 with respect to the surgical instru-
ments 28, 1t 1s to be understood that the surgical mstrument
data controller 100 can likewise be adapted for any of the
other surgical devices described 1n the example of FIG. 1.

The surgical instrument data controller 100 includes a
registration component 102 configured to register a surgeon
or staifl member to use of the surgical instrument 28 during
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the surgical procedure. As an example, the registration
component 102 can include a sensor with which the surgeon
or stall can interact to provide an indication that the surgical
instrument 28 1s currently in use by the respective surgeon
or stafl. For example, the registration component 102 can
include a radio-frequency 1dentification (RFID) tag or sensor
with which the surgeon or stail can interact with a corre-
sponding RFID sensor or tag, respectively. As another
example, the registration component 102 can include a
finger/thumb print sensor configured to allow the surgeon or
stall to provide a unique indication of user to the surgical
instrument data controller 100. Thus, in response to the
registration of the surgeon or stafl via the registration
component 102, the surgical instrument data controller 100
can 1dentify the current user of the surgical instrument 28.

The surgical instrument data controller 100 also includes
a data collection sensor 104. The data collection sensor 104
1s configured to measure surgical instrument data corre-
sponding to the at least one metric associated with perfor-
mance and function of the respective surgical instrument 28.
As an example, the surgical mstrument data can include at
least one of pressure, torque, or tension associated with the
manipulation of the respective surgical instrument on the
patient 12. As another example, one or more of the surgical
istruments 28 can be configured to detect a tissue type (e.g.,
bone, muscle, skin, fat, etc.) of the patient 12 during use,
such that the tissue type can correspond to the at least one
metric. As yet another example, one or more of the surgical
instruments 28 can be configured to detect position of the
surgical instrument 28 in three-dimensional space or relative
to a reference position, or can be configured to detect motion
(e.g., hand tremors), such that the position or motion can
correspond to the at least one metric. The collection of the
surgical instrument data can be continuous in real-time, such
as 1n response to registration of a given one of the surgeon
or stail.

The surgical instrument data controller 100 also includes
a memory/clock system 106. The memory/clock system 106
can be configured to operate in conjunction with the regis-
tration component 102 and the data collection sensor 104 to
provide time-stamp information associated with registration
of the surgical mstrument 28 via the registration component
102 and/or time-stamp information associated with the col-
lection of the surgical instrument data via the data collection
sensor 104. The registration of the surgical instrument 28
and the collected surgical instrument data can be stored 1n
the memory/clock system 106, such as for feedback pur-
poses and for transmission, as described in greater detail
herein.

The surgical instrument data controller 100 also includes
a transceiver 108. The transceiver 108 1s configured to
access the memory/clock system 106 to wirelessly transmuit
the surgical instrument data to the surgical data control
system 14, with the surgical instrument data also including
the registration data associated with the registration of the
surgical mstrument 28. As an example, the transceiver 108
can be configured to transmit the surgical mstrument data
substantially continuously in real-time, or can transmit the
surgical instrument data at conclusion of registration/use of
the surgical instrument 28 and/or at conclusion of the
surgical procedure.

In addition, the transceiver 108 can be configured to
receive data. As an example, the transceiver 108 can be
configured to transmit the surgical instrument data to a
transceiver 108 associated with a separate surgical instru-
ment data controller 100 corresponding to a respective
separate surgical instrument 28. For example, the transceiver
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108 can provide a shorter-range transmission of the surgical
instrument data, and thus with less power to conserve power
(e.g., less battery power), by transmitting the surgical instru-
ment data to transcervers 108 in separate surgical instrument
data controllers of separate surgical instruments 28 in a
sequential chain before the surgical instrument data 1s
received by the receiver 18 of the surgical data control
system 14. In addition or in alternative, the surgical instru-
ment data can be transmitted to transceivers 108 in separate
surgical instrument data controllers of separate surgical
instruments 28 to provide redundancy in collection of the
surgical instrument data, such that the surgical instrument
data of other surgical instruments 28 can be stored in the
memory/clock system 106 of the surgical mstrument data
controller 100. Therefore, the surgical instrument data can
be propagated throughout the surgical instrument data con-
trollers 100 of a plurality of surgical imstruments 28.

Furthermore, the surgical instrument data controller 100
includes a local feedback component 110. As an example,
the local feedback component 110 can correspond to an
indicator (e.g., a buzzer, a light (e.g., LED), a haptic
teedback system, etc.) to provide an indication to the sur-
geon or stafl that 1s using the surgical mstrument 28. As an
example, the transceiver 108 can receive predetermined
threshold data associated with a predetermined range of
acceptable operation of the surgical instrument 28, as asso-
ciated with the surgical instrument data that 1s collected via
the data collection sensor 104. The predetermined threshold
data can thus be saved in the memory/clock system 106.
Therefore, 1n response to one or more of the values of the
surgical nstrument data exceeding (above or below) the
predetermined threshold range of operation, the local feed-
back component 110 (e.g., based on a microcontroller or
processing component) can provide a local or global 1ndi-
cation to the surgeon or stail of an aberration or breach 1n the
value(s) of the surgical mstrument data relative to the
predetermined threshold data. Additionally, the indication of
the aberration or breach in the value(s) of the surgical
instrument data relative to the predetermined threshold data
can likewise be saved in the memory/clock system 106
and/or transmitted to the surgical data control system 14 via
the transceiver.

The surgical instrument data controller 100 1s demon-
strated 1n the example of FIG. 3 by example. Therefore, the
surgical mstrument data controller 100 1s not intended to be
limited to the example of FIG. 3. For example, the surgical
instrument data controller 100 can include additional func-
tionality and/or capability associated with monitoring or use
in the surgical procedure, such as can be stored in the
memory/clock system 106 and/or transmitted as the surgical
instrument data via the transceiver 108. As another example,
the surgical instrument data controller 100 1s not limited to
including all of the elements of the surgical instrument data
controller 100. Accordingly, the surgical instrument data
controller 100 can be configured 1n a variety of ways.

FIG. 4 1llustrates an example diagram 150 of dissemina-
tion of the surgical dashboard report 46. The diagram 150
demonstrates a portion of the surgical data control system 14
that 1s implemented 1n the surgical system in the example of
FIG. 1. Therefore, reference 1s to be made to the example of
FIG. 1 1n the following description of the example of FIG.
4.

In the example of FI1G. 4, the surgical data control system
14 includes the report generator 44 that 1s configured to
access the data stored 1in the memory system 36, such as
immediately upon conclusion of the surgical procedure to
aggregate the set of data stored 1n the memory system 36. As
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described previously, the aggregation of the set of data
stored 1n the memory system 36 can provide a relationship
between substantially all aspects of the surgical procedure,
with respect to the patient data, the surgeon data, the stail
data, and all of the surgical device data (e.g., including the
surgical instrument data transmitted from the transceiver
108 of the surgical instrument data controllers 100 of the
surgical instruments 28). As described previously, the aggre-
gation performed by the report generator 44 can associate
temporal data and unique identifiers associated with the
video monitoring equipment 20, the medicine administering,
equipment 22, the robotic equipment 24, the anesthesia
equipment 26, the surgical instruments 28, the operation
environment equipment 30, and the energy providing
devices 32 to the surgeon(s) and/or stail and to the patient to
provide interrelationships therein.

In addition, 1n the example of FIG. 4, the memory system
36 1s configured to store comparison parameters 151 that can
correspond to at least one of a predetermined threshold
associated with the surgical device data, such as described
previously with respect to the real-time data monitor 38 and
surgical feedback system 40, as well as surgical device data
and/or other data regarding a previous surgery (e.g., as
associated with a diflerent or the same patient/surgeon(s)/
stall). Accordingly, the report generator 44 can be further
configured to provide comparison data associated with the
surgical device data of the immediate surgery of the patient
12 relative to the comparison parameters 151.

Upon aggregating the data stored in the memory system
36, the report generator 44 can generate a surgical dashboard
report 46 of the surgical procedure. The surgical dashboard
report 46 can provide the aggregated data set 1n a single data
source, such as a URL or a data file (e.g., PDF) that 1s widely
accessible via substantially any computer system. In the
example of FIG. 4, the surgical data control system 14 also
includes a network interface 1352 that 1s configured to
provide coupling of the surgical data control system 14 to a
network 154, which can be a local area network (LAN) or
a wide area network (WAN), such as the Internet. Therefore,
in the example of FI1G. 4, the surgical data control system 14
can transmit the surgical dashboard report 46 via the net-
work 154 to one or more enterprise servers associated with
a healthcare facility 156, to one or more enterprise servers
associated with an insurance company 158 associated with
the patient 12, and/or to one or more computer devices 160
associated with the patient/family (e.g., personal computer,
laptop computer, tablet computer, smart-phone, etc.), such as
belonging to the patient 12 and/or to one or more patient-
authorized other people. Accordingly, the surgical dashboard
report 46 that provides a complete report of the relationship
between substantially all aspects of the surgical procedure,
with respect to the patient data, the surgeon data, the stafl
data, and all of the surgical device data, can be generated and
transmitted to all necessary parties substantially immedi-
ately (e.g., within one or a few seconds) after conclusion of
the surgical procedure.

FIG. 5§ illustrates an example of a surgical dashboard
report 200. The surgical dashboard report 200 can corre-
spond to the surgical dashboard report 46 1n the example of
FIG. 1. The surgical dashboard report 200 can include
substantially all data that 1s pertinent to the surgical proce-
dure performed on the patient 12. Therefore, reference 1s to
be made to the examples of FIGS. 1-4 1n the following
description of the example of FIG. 5.

The surgical dashboard report 200 includes general sur-
gery data 202 that can provide a cursory and general
description of the surgical procedure. In the example of FIG.
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5, the general surgery data 202 includes a procedure type
field 204 that defines the surgical procedure that was per-
formed on the patient 12. The general surgery data 202 also
includes a location field 206 that defines the healthcare
facility 1n which the surgical procedure was performed. The
general surgery data 202 further includes outcome data 208
that defines the result of the surgical procedure (e.g., suc-
cess, failure, complications, etc.).

The surgical dashboard report 200 also includes patient
data 210 that includes a variety of information regarding the
patient 12. In the example of FIG. 5, the patient data 210
includes biographical data 212 associated with the patient
12, which can include metrics that include age, height,
weight, mass-body index (BMI), insurance information,
family contacts, etc. associated with the patient 12. The
patient data 210 also includes medical history data 214 (e.g.,
prior procedures, past and current medication, family his-
tory, etc.), and/or known allergies 216. As an example, the
real-time data monitor 38 can be configured to indicate a
conilict with respect to the allergies to which the patient 12
may have to substantially mitigate allergic reactions (e.g., to
medication, latex, etc.).

r

T'he surgical dashboard report 200 also includes surgeon/
stall data 218. The surgeon/stall data 218 can include data
regarding one or more surgeons (demonstrated as a plurality
N of surgeons, where N 1s a positive integer) that are
performing the surgical procedure. The surgeon/stail data
218 can also include data associated with surgical stafl,
demonstrated as a plurality X of stafl members, where X 1s
a positive mteger, such as nurses, assistants, operating room
maintenance, and the like, that are assisting with the surgical
procedure. In addition, the surgeon/stall data 218 includes
time-stamps that demonstrate times that the respective sur-
geon/stall was active during the surgical procedure. As
another example, the surgical dashboard report 200 can
include hyperlinks to provide access to additional informa-
tion associated with the surgeons/stail, such as biographical
and experience information that can be accessed via the
network (e.g., the network 154).

In the example of FIG. 5, the surgical dashboard report
200 includes operation environment data 220, anesthesia
data 222, energy delivering device data 224, surgical instru-
ment data 226, robotic equipment data 228, and medicine
administration data 230. The operation environment data
220 can correspond to the equipment associated with main-
tamning or providing the surgical environment. As an
example, the surgical environment can correspond to an
operating room, such that the operation environment data
220 can an amount of i1llumination, temperature, humidity,
air purity, or other environmental factors. In the example of
FIG. 5, the operation environment data 220 includes proce-
dure data 232 that 1s collected during the surgical procedure
of the patient 12. The procedure data 232 can correspond to
timing data that 1s aligned with the environment data, and
can include maintenance data and an indication of the
surgeon/stail that was present during the surgical procedure
that may have adjusted the operation environment equip-
ment 30. The operation environment data 220 can also
include specification data 234, such as corresponding to the
comparison parameters 151 1n the example of FIG. 4, and
flags 236. The flags 236 can correspond to indications of
operation ol the procedure data 232 outside of the specifi-
cations defined by the predetermined threshold of operation
or the specification data 234. Accordingly, the operation
environment data 220 can provide a relationship between the
operation environment equipment 30, time and characteris-
tics of use, and the surgeon/statl during the surgical proce-
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dure. In addition, the procedure data 232, the specification
data 234, and the flags 236 of the operation environment
data 220 can include hyperlinks to expand upon the infor-
mation provided 1n the surgical dashboard report 200, such
as by directing a computer system to a URL via the network
154.

The anesthesia data 222 can correspond to admainistration
ol anesthetic to the patient 12 to numb at least a portion of
the anatomy of the patient 12 or to induce a sleeping state of
the patient 12. For example, the anesthesia data 222 can
include amounts of IV medication administering equipment
that can be configured to track a volume of anesthetic that 1s
administered to the patient 12, as well as vital signs of the
patient 12, such as heart rate, respiration, blood-pressure, or
any of a variety of other vital information with respect to the
patient. In the example of FIG. 3, the anesthesia data 222
includes procedure data 238 that i1s collected during the
surgical procedure of the patient 12. The procedure data 238
can correspond to timing data that i1s aligned with the
administration of anesthetic to the patient 12, and can
include data and an indication of the surgeon/stail that was
present during the surgical procedure that may have adjusted
the anesthesia equipment 26. The anesthesia data 222 can
also include specification data 240, such as corresponding to
the comparison parameters 151 in the example of FIG. 4,
and flags 242. The flags 242 can correspond to indications of
operation of the procedure data 238 outside of the specifi-
cations defined by the predetermined threshold of operation
or the specification data 240. Accordingly, the anesthesia
data 222 can provide a relationship between the anesthesia
equipment 26, time and characteristics of use, and the
surgeon/statl durmg the surgical procedure. In addition, the
procedure data 238, the specification data 240, and the flags
242 of the anesthesm data 222 can include hyperlinks to
expand upon the information provided 1n the surgical dash-
board report 200, such as by directing a computer system to
a URL wvia the network 154.

The energy delivering device data 224 can correspond to
data associated with cautery devices that are implemented to
cauterize a wound or incision of the patient 12 during the
surgical procedure. As another example, the energy deliv-
ering device data 224 can correspond to data associated with
radiology equipment that provides imaging of the patient 12
during the surgical procedure. In the example of FIG. S, the
energy delivering device data 224 includes procedure data
244 that 1s collected during the surgical procedure of the
patient 12. The procedure data 244 can correspond to timing,
data that 1s aligned with the use of the energy providing
devices 32 with respect to the patient 12, and can include
data and an indication of the surgeon/stail that was present
during the surgical procedure that may have used the energy
providing devices 32. The energy delivering device data 224
can also include specification data 246, such as correspond-
ing to the comparison parameters 151 1n the example of FIG.
4, and tlags 248. The flags 248 can correspond to indications
of operation of the procedure data 244 outside of the
specifications defined by the predetermined threshold of
operation or the specification data 246. Accordingly, the
energy delivering device data 224 can provide a relationship
between the energy providing devices 32, time and charac-
teristics of use, and the surgeon/stafl during the surgical
procedure. In addition, the procedure data 244, the specifi-
cation data 246, and the flags 248 of the energy delivering
device data 224 can include hyperlinks to expand upon the
information provided in the surgical dashboard report 200,
such as by directing a computer system to a URL wvia the
network 154.
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The surgical instrument data 226 can correspond to the
surgical instrument data that 1s transmitted from each of the
surgical 1nstruments 28, such as via respective surgical
instrument data controllers 100 associated with each of the
surgical mstruments 28. Thus, the surgical instrument data
226 can be transmitted from any of a variety of hand-held
and other surgical instruments that are implemented or
mampulated by the surgeon(s) or stall during the surgical
procedure, and can thus correspond to at least one metric
associated with performance and function of the respective
surgical instrument 28. As an example, the surgical instru-
ment data 226 can include at least one of pressure, torque,
or tension associated with the manipulation of the respective
surgical instrument on the patient 12. As another example,
the surgical instrument data 226 can correspond to a detected
tissue type (e.g., bone, muscle, skin, fat, etc.) of the patient
12 during use of a respective surgical mstrument 28. As yet
another example, the surgical instrument data 226 can
include position of the surgical instrument 28 in three-
dimensional space or relative to a reference position, or to
detected motion (e.g., hand tremors) of the respective sur-
gical instrument 28.

In the example of FIG. 5, the surgical instrument data 226
includes procedure data 250 that i1s collected during the
surgical procedure of the patient 12. The procedure data 250
can correspond to timing data that 1s aligned with the use of
the surgical instruments 28 with respect to the patient 12,
and can include data and an indication of the surgeon/stail
that was present during the surgical procedure that may have
used the surgical mstruments 28. The surgical instrument
data 226 can also include specification data 252, such as
corresponding to the comparison parameters 151 1n the
example of FIG. 4, and flags 254. The flags 254 can
correspond to indications of operation of the procedure data
250 outside of the specifications defined by the predeter-
mined threshold of operation or the specification data 252.
Accordingly, the surgical instrument data 226 can provide a
relationship between the surgical instruments 28, time and
characteristics of use, and the surgeon/statl during the sur-
gical procedure. In addition, the procedure data 250, the
specification data 2352, and the flags 254 of the surgical
instrument data 226 can include hyperlinks to expand upon
the information provided in the surgical dashboard report
200, such as by directing a computer system to a URL via
the network 154.

The robotic equipment data 228 can correspond to data
associated with one or more electro-mechanical devices or
components that are configured to assist the surgeon(s)
during the surgical procedure, such as from the robotic
equipment 24. As an example, robotic equipment data 228
can be associated with pressure or torque applied to hold
open a wound or incision, movement of large medical
equipment throughout the surgical environment, adjust-
ments to the position of the patient, or any of a variety of
other functions that require mechanical motion or stability
via the robotic equipment 24. In the example of FIG. S, the
robotic equipment data 228 includes procedure data 256 that
1s collected during the surgical procedure of the patient 12.
The procedure data 256 can correspond to timing data that
1s aligned with the use of the robotic equipment 24 with
respect to the patient 12, and can include data and an
indication of the surgeon/stafl that was present during the
surgical procedure that may have used, programmed, or
adjusted the energy robotic equipment 24. The robotic
equipment data 228 can also include specification data 258,
such as corresponding to the comparison parameters 151 1n

the example of FIG. 4, and flags 260. The flags 260 can




US 10,733,267 B2

17

correspond to mdications of operation of the procedure data
256 outside of the specifications defined by the predeter-
mined threshold of operation or the specification data 258.
Accordingly, the robotic equipment data 228 can provide a
relationship between the robotic equipment 24, time and
characteristics of use, and the surgeon/stall during the sur-
gical procedure. In addition, the procedure data 256, the
specification data 238, and the flags 260 of the robotic
equipment data 228 can include hyperlinks to expand upon
the information provided in the surgical dashboard report
200, such as by directing a computer system to a URL wvia
the network 154.

The medicine adminmistration data 230 can correspond to
data associated with the administration of medication to the
patient 12 during the surgical procedure. For example, the
medicine administration data 230 can characterize a volume
of liquid or gas that 1s administered to the patient 12 via the
medicine administering equipment 22, such as including IV
or gaseous medication or oxygen that 1s administered to the
patient 12. In the example of FIG. 5, the medicine admin-
istration data 230 includes procedure data 262 that 1s col-
lected during the surgical procedure of the patient 12. The
procedure data 262 can correspond to timing data that 1s
aligned with the use of the medicine administering equip-
ment 22 with respect to the patient 12, and can include data
and an indication of the surgeon/stail that was present during
the surgical procedure that may have used or adjusted the
medicine administering equipment 22. The medicine admin-
istration data 230 can also include specification data 264,
such as corresponding to the comparison parameters 151 1n
the example of FIG. 4, and flags 266. The flags 266 can
correspond to indications of operation of the procedure data
262 outside of the specifications defined by the predeter-
mined threshold of operation or the specification data 264.
Accordingly, the medicine administration data 230 can pro-
vide a relationship between the medicine administering
equipment 22, time and characteristics of use, and the
surgeon/stall during the surgical procedure. In addition, the
procedure data 262, the specification data 264, and the tlags
266 of the medicine administration data 230 can include
hyperlinks to expand upon the information provided in the
surgical dashboard report 200, such as by directing a com-
puter system to a URL via the network 154.

In addition, the surgical dashboard report 200 includes a
video stream portion 268. As an example, the video stream
portion 268 can enable viewing of a video stream of at least
a portion of the surgical procedure via an active video stream
monitor 270 1n the example of the surgical dashboard report
200 being provided on a GUI via a URL (e.g., as part of a
website associated with the respective healthcare provider).
As another example, while the example of FIG. 5 demon-
strates the video stream monitor 270 as being a part of the
surgical dashboard report 200, the video stream portion 268
can alternatively be accessible via a hyperlink associated
with the surgical dashboard report 200 being arranged as a
PDF document having been transmitted (e.g., emailed) to
one or more destination devices. The video stream portion
268 can thus enable a viewer of the surgical dashboard
report 200 to consume a video stream corresponding to one
or more portions of the surgical procedure of the patient 12,
such as based on video data that 1s wirelessly transmitted to
the surgical data control system 14 from the video monitor-
ing equipment 20 during the surgical procedure.

As an example, the video stream portion 268 can be
configured to facilitate playback of video streams of one or
more recording devices that had monitored the surgical
procedure, such as from different angle perspectives. The
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video stream portion 268 can also facilitate playback of
video streams taken from camera devices associated with
probes (e.g., catheters or scopes) that had captured a video
feed of internal portions of the anatomy of the patient 12. In
the example of FIG. 5, the video stream portion 268 includes
video controls 272 that can be mampulated by a viewer of
the surgical dashboard report 200 to facilitate play, stop,
pause, chapter selection, fast-forward, rewind, or any of a
variety of other controls to enable the user to view the video
stream(s) associated with the surgical procedure from the
surgical dashboard report 200. Additionally, the wideo
stream portion 268 can include embedded audio, or can
include separate playback of audio, such as may be discon-
nected with respect to the video streams (e.g., real-time
audio recording of the surgical procedure, dictated notes
provided by the surgeon(s) or the stail, or of the patient 12.
Furthermore, the video stream portion 268 can facilitate the
viewing of static, still photographs of the surgical procedure.
Accordingly, the video stream portion 268 provides another
manner of presenting the surgical procedure to the users of
the surgical dashboard report 200, such within one second or
a few seconds after conclusion of the surgical procedure.

In view of the foregoing structural and functional features
described above, a methodology in accordance with various
aspects of the example embodiments will be better appre-
ciated with reference to FIG. 6. While, for purposes of
simplicity of explanation, the methodologies of FIG. 6 are
shown and described as executing serially, it 1s to be
understood and appreciated that the example embodiments
are not limited by the illustrated order, as some aspects
could, 1n accordance with the example embodiments, occur
in different orders and/or concurrently with other aspects
from that shown and described herein. Moreover, not all
illustrated features may be required to implement a meth-
odology 1n accordance with an aspect of the example
embodiments.

FIG. 6 illustrates an example of a method 300 for pro-
viding feedback for a surgical procedure performed by at
least one surgeon. At 302, surgical instrument data (e.g., the
procedure data 250 of the surgical instrument data 226) that
1s transmitted from a plurality of surgical instruments (e.g.,
the surgical instruments 28) 1s wirelessly received. The
surgical mstrument data from each of the plurality of sur-
gical instruments can characterize at least one of pressure,
tension, and torque associated with use of the respective one
of the plurality of surgical instruments by a given surgeon of
the at least one surgeon during the surgical procedure. At
304, the surgical instrument data, surgeon data associated
with at least one surgeon performing the surgical procedure
(e.g., mncluded in the surgeon/stall data 218), patient data
associated with the patient (e.g., included in the patient data
210), and environment data associated with the surgical
environment 1n which the surgical procedure 1s performed
(e.g., included in the procedure data 232 of the operation
environment data 220) 1s stored 1n a memory system (e.g.,
the memory system 36). At 306, real-time surgical feedback
1s graphically provided to the at least one surgeon during the
surgical procedure (e.g., via the real-time data monitor 38
and the surgical feedback system 40) based on the surgical
istrument data associated with each of the plurality of
surgical instruments. At 308, an indicator alarm 1s provided
to the at least one surgeon (e g.. via the alarm(s) 42) during
the surgical procedure 1n response to the surgical mstrument
data having a respective value outside of an acceptable
threshold range (e.g., based on the comparison parameters
151). At 310, an aggregated surgical data set characterizing
a relationship between the surgical nstrument data, the
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surgeon data, the patient data, and the environment data 1s
generated. At 312, a surgical dashboard report (e.g., the
surgical dashboard report 46 and/or the surgical dashboard
report 200) comprising the aggregated surgical data set 1s
generated 1n a predetermined data format (e.g., in a PDF
format). At 314, the surgical dashboard report 1s transmaitted
to at least one remote device (e.g., to a healthcare facility
156, an insurance company 138, and/or to computer
device(s) 160 associated with the patient/family) via a
network upon conclusion of the surgical procedure.

What have been described above are examples of the
example embodiments. It 1s, of course, not possible to
describe every conceivable combination of components or
methodologies for purposes of describing the example
embodiments, but one of ordinary skill in the art will
recognize that many further combinations and permutations
of the example embodiments are possible. Accordingly, the
example embodiments are intended to embrace all such
alterations, modifications and variations that fall within the
spirit and scope of the appended claims.

What 1s claimed 1s:
1. A surgical data control system comprising:
a wireless data receiver configured to receive surgical
device data, the surgical device data comprising:
surgical instrument data transmitted from a plurality of
surgical instruments, the surgical instrument data
from each of the plurality of surgical instruments
characterizing at least one metric corresponding to
performance and function of a respective one of the
plurality of surgical instruments during a surgical
procedure on a patient;

medicine administration data transmitted from medi-
cine administering equipment, the medicine admin-
istration data characterizing at least one of dosage
and time of medicine administered to the patient via
the medicine administering equipment during the
surgical procedure; and

energy data transmitted from at least one energy pro-
viding device, the energy data characterizing opera-
tion of the at least one energy providing device
during the surgical procedure;

a memory system configured to store the surgical device
data, surgeon data of at least one surgeon performing
the surgical procedure, patient data corresponding to
the patient, and environment data of an operating room
in which the surgical procedure i1s performed, the
environment data comprising at least one ol tempera-
ture data, light intensity data, and humidity data of the
operating room; and

a report generator configured to generate an aggregated
surgical data set characterizing a relationship between
the surgical device data, the surgeon data, the patient
data, and the environment data, and to generate a
surgical dashboard report comprising the aggregated
surgical data set 1n a predetermined data format, the
surgical data control system being configured to trans-
mit the surgical dashboard report to at least one remote
device via a network upon conclusion of the surgical
procedure.

2. The system of claim 1, wherein the report generator 1s
configured to aggregate the surgical data set with temporal
data and unique 1dentifiers of each of the plurality of surgical
instruments, the medicine administering equipment, and the
at least one energy providing device to the at least one
surgeon to provide a relationship between the surgical
instrument data, the medicine administration data, and the
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energy data, relative to the at least one surgeon based on the
temporal data and the unique 1dentifiers.

3. The system of claim 1, further comprising a real-time
data monitor that 1s configured to monitor the surgical device
data during the surgical procedure, to provide real-time
surgical feedback to the at least one surgeon during the
surgical procedure, and to provide an 1ndicator alarm to the
at least one surgeon during the surgical procedure 1n
response to at least one of the surgical instrument data, the
medicine administration data, and the energy data having a
respective value outside of an acceptable threshold range.

4. The system of claim 1, wherein the surgical instrument
data includes at least one of pressure, tension, and torque of
cach of the plurality of surgical instruments during the
surgical procedure.

5. The system of claim 1, wherein each of the plurality of
surgical mstruments comprises a surgical mnstrument data
controller, the surgical instrument controller comprising:

a registration component configured to register a given
surgeon or stafl to the respective one of the plurality of
surgical instruments during use of the respective one of
the plurality of surgical instruments in the surgical
procedure;

a data collection sensor configured to measure the surgical
instrument data of the respective one of the plurality of
surgical imstruments;

a real-time clock configured to provide time-stamp data
corresponding to at least one of the registration of the
given surgeon to the respective one of the plurality of
surgical instruments and the surgical instrument data of
the respective one of the plurality of surgical instru-
ments; and

a transceiver configured to transmit the surgical instru-
ment data of the respective one of the plurality of
surgical instruments to the surgical data control system.

6. The system of claim 5, wherein the surgical instrument
data controller 1s adapted to be mechanically coupled to the
respective one of the plurality of surgical instruments.

7. The system of claim 5, wherein the transceiver 1s
turther configured to receive threshold data corresponding to
a predetermined threshold range of operation with respect to
the surgical instrument data of the respective one of the
plurality of surgical instruments transmitted from the surgi-
cal data control system, wherein the surgical instrument
controller further comprises a local feedback component
configured to monitor the surgical mnstrument data of the
respective one of the plurality of surgical instruments during
the surgical procedure, to provide real-time feedback of the
surgical instrument data of the respective one of the plurality
of surgical nstruments to the given surgeon during the
surgical procedure, and to provide an indicator alarm to the
given surgeon during the surgical procedure in response to
the surgical mstrument data being outside of the predeter-
mined threshold range of operation.

8. The system of claim 1, wherein the surgical device data
turther comprises video data transmitted from video moni-
toring equipment, the video data corresponding to a video
stream ol at least a portion of the surgical procedure,
wherein the surgical dashboard report further comprises at
least one of a graphical user interface (GUI) component
configured to facilitate playback of the video stream and a
uniform resource locator (URL) configured to access the
video stream via the network.

9. The system of claim 1, wherein the surgical device data
turther comprises anesthesia data transmitted from anesthe-
s1a equipment, the anesthesia data characterizing at least one
an amount of anesthetic that 1s administered to the patient,
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a type of anesthetic that 1s administered to the patient, and
vital information of the patient.

10. The system of claim 1, wherein the memory system 1s
turther configured to store stail data of at least one surgical
stall member assisting with the surgical procedure, and
wherein the report generator 1s configured to generate the
aggregated surgical data set characterizing a relationship
between the surgical device data, the surgeon data, the stail
data, the patient data, and the environment data.

11. The system of claam 1, wherein the surgical data
control system 1s configured to generate the surgical dash-
board report 1n a portable document format (PDF) format in
response to conclusion of the surgical procedure, and
wherein the surgical data control system 1s configured to
transmit the surgical dashboard report to at least one of a
data server of an associated healthcare provider, a data
server of an associated insurance company, and a computer
corresponding to at least one of the patient and patient-
authorized people.

12. The system of claim 11, wherein the surgical dash-
board report comprises hyperlinks linking to the aggregated
surgical data set that facilitate access to expanded data
corresponding to the aggregated surgical data set via a
network.

13. The system of claim 1, wherein the surgical dashboard
report further comprises a plurality of indicator tlags corre-
sponding to the surgical instrument data, the medicine
administration data, and the energy data, the plurality of
indicator flags providing an indication as to at least one of
the surgical instrument data, the medicine admainistration
data, and the energy data having a respective value outside
of an acceptable threshold range at a defined duration of time
during the surgical procedure.

14. A surgical system comprising a plurality of surgical
instruments, each of the plurality of surgical instruments
comprising a surgical instrument data controller, the surgical
istrument controller comprising:

a registration component configured to register a given
surgeon or stafl to the respective one of the plurality of
surgical instruments during use of the respective one of
the plurality of surgical instruments by the given sur-
geon 1n a surgical procedure;

a data collection sensor configured to measure surgical
instrument data comprising at least one ol pressure,
tension, and torque corresponding to use of the respec-
tive one of the plurality of surgical mnstruments by the
given surgeon during the surgical procedure;

a real-time clock configured to provide time-stamp data
corresponding to at least one of the registration of the
given surgeon to the respective one of the plurality of
surgical instruments and the surgical instrument data of
the respective one of the plurality of surgical instru-
ments; and

a transceiver configured to transmit the surgical instru-
ment data of the respective one of the plurality of
surgical mstruments to a surgical data control system,
the surgical data control system being configured to
store the surgical mnstrument data and to store environ-
ment data comprising at least one of temperature data,
light 1ntensity data, and humidity data of the operating
room for reporting and feedback of the surgical proce-
dure.

15. The system of claim 14, wherein the surgical instru-
ment data controller 1s adapted to be mechamically coupled
to the respective one of the plurality of surgical instruments.

16. The system of claim 14, wherein the transceiver is
turther configured to receive threshold data for a predeter-

5

10

15

20

25

30

35

40

45

50

55

60

65

22

mined threshold range of operation with respect to the
surgical instrument data of the respective one of the plurality
of surgical mstruments transmitted from the surgical data
control system, wherein the surgical instrument controller
turther comprises a local feedback component configured to
monitor the surgical mnstrument data of the respective one of
the plurality of surgical imstruments during the surgical
procedure, to provide real-time feedback of the surgical
instrument data of the respective one of the plurality of
surgical instruments to the given surgeon during the surgical
procedure, and to provide an indicator alarm to the given
surgeon during the surgical procedure in response to the
surgical instrument data being outside of the predetermined
threshold range of operation.
17. The system of claim 14, wherein the transceiver 1s
further configured to transmit the surgical instrument data of
the respective one of the plurality of surgical instruments to
a transceiver of another one of the plurality of surgical
instruments.
18. A method for providing feedback for a surgical
procedure performed by at least one surgeon, the method
comprising;
wirelessly recerving surgical instrument data that 1s trans-
mitted from a plurality of surgical instruments, the
surgical instrument data from each of the plurality of
surgical instruments characterizing at least one of pres-
sure, tension, and torque corresponding to use of the
respective one of the plurality of surgical instruments
by a given surgeon of the at least one surgeon during
the surgical procedure;
generating surgeon data, the surgeon data comprising a
registration of the given surgeon of the at least one
surgeon performing the surgical procedure to the
respective one of the plurality of surgical instruments
during use of the respective one of the plurality of
surgical istruments in the surgical procedure;
storing the surgical mstrument data, surgeon data of at
least one surgeon performing the surgical procedure,
patient data of the patient, and environment data of an
operating room 1in which the surgical procedure 1s
performed 1n a memory system, the environment data
comprising at least one of temperature data, light
intensity data, and humidity data of the operating room;

graphically providing real-time surgical feedback to the at
least one surgeon during the surgical procedure based
on the surgical instrument data of each of the plurality
of surgical instruments;

providing an indicator alarm to the at least one surgeon

during the surgical procedure in response to the surgical
instrument data having a respective value outside of an
acceptable threshold range;

generating an aggregated surgical data set characterizing

a relationship between the surgical instrument data, the
surgeon data, the patient data, and the environment
data;

generating a surgical dashboard report comprising the

agoregated surgical data set in a predetermined data
format; and

transmitting the surgical dashboard report to at least one

remote device via a network upon conclusion of the
surgical procedure.

19. The method of claim 18, further comprising:

wirelessly receiving medicine administration data trans-

mitted from medicine administering equipment, the
medicine administration data characterizing at least one
of dosage and time of medicine administered to the
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patient via the medicine administering equipment dur-
ing the surgical procedure; and

wirelessly recelving energy data transmitted from at least
one energy providing device, the energy data charac-
terizing operation of the at least one energy providing 5
device during the surgical procedure;

wherein graphically providing real-time surgical feedback
comprises graphically providing the real-time surgical
teedback to the at least one surgeon during the surgical
procedure based on the surgical mnstrument data of each 10
of the plurality of surgical instruments, based on the
medicine adminmistration data, and based on the energy
data;

wherein providing the indicator alarm comprises provid-
ing the indicator alarm to the at least one surgeon 15
during the surgical procedure 1n response to at least one
of the surgical mnstrument data, the medicine adminis-
tration data, and the energy data having a respective
value outside of an acceptable threshold range; and

wherein generating the aggregated surgical data set com- 20
prises generating the aggregated surgical data set char-
acterizing a relationship between the surgical instru-
ment data, the medicine administration data, the energy
data, the surgeon data, the patient data, and the envi-
ronment data. 25
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